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SURWHRPHV PDQDJH QXFOHDWLRQ DQG FU\VWDO JURZWK 7R SURYLGH DGGLWLRQDO LQVLJKWV ZH KDYH FUHDWHG D
SURSRUWLRQDOO\GHILQHGFRPELQDWRULDOPRGHOFRQVLVWLQJRIWZRSHDUOQDFUHDVVRFLDWHGSURWHLQV3)0*
DQG3)0*VKHOOR\VWHUSHDUOQDFUH3IXFDWDZKRVHLQGLYLGXDOLQYLWURPLQHUDOL]DWLRQIXQFWLRQDOLWLHV
DUH GLVWLQFW IURP RQH DQRWKHU 8VLQJ 6(0 $)0 &D,, SRWHQWLRPHWULF WLWUDWLRQV DQG 4&0'
TXDQWLWDWLYHDQDO\VHVZHILQGWKDWDWPRODUUDWLRVU3)0*DQGU3)0*FRDJJUHJDWHLQVSHFLILF
PROHFXODUUDWLRVWRIRUPK\EULGK\GURJHOVWKDWDIIHFWERWKWKHHDUO\DQGODWHUVWDJHVRILQYLWURFDOFLXP
FDUERQDWH QXFOHDWLRQ :LWKLQ WKHVH K\EULG K\GURJHOV U3)0* SOD\V D UROH LQ GHILQLQJ SURWHLQ FR
DJJUHJDWLRQDQGK\GURJHOGLPHQVLRQZKHUHDVU3)0*GHILQHVSDUWLFLSDWLRQLQQRQFODVVLFDOQXFOHDWLRQ
SURFHVVHV DQG ERWK SURWHLQV H[KLELW V\QHUJ\ ZLWK UHJDUG WR VXUIDFH DQG VXEVXUIDFH PRGLILFDWLRQV WR
H[LVWLQJFU\VWDOV7KH LQWHUDFWLRQVEHWZHHQERWKSURWHLQV LVHQKDQFHGE\&D,, LRQVDQGPD\ LQYROYH





















QDQRWRPHVRVFDOH DVVHPEO\ RI VKHOO QDFUH LQ WKH PROOXVN  ,W LV NQRZQ WKDW LQGLYLGXDO QDFUH
DVVRFLDWHGSURWHLQVSRVVHVVWKHFDSDELOLWLHVRIQDQRSDUWLFOHDVVHPEO\DQGPRGLILFDWLRQVWKDWFRLQFLGHZLWK
LQVLWXIHDWXUHVWKDWDUHLPSRUWDQWIRUWKHIRUPDWLRQRIPHVRFU\VWDODUDJRQLWHWDEOHWV,QWKHFDVHRI
WKH-DSDQHVHSHDUOR\VWHU 3LQFWDGD IXFDWD WKHSHDUO IRUPDWLRQSURFHVV LVPHGLDWHGE\DPHPEHU
SURWHRPH NQRZQ DV 3)0* 3LQFWDGD )XFDWD 0DQWOH *HQH ZKLFK DOVR SOD\ D UROH LQ PROOXVN VKHOO
IRUPDWLRQ2QHRIWKHVHSURWHLQV3)0*KDVEHHQWKHVXEMHFWRILQYLWURLQYHVWLJDWLRQVWKDW
H[SORUHG WKH PLQHUDOL]DWLRQ DQG SURWHLQ DJJUHJDWLRQ SURFHVVHV WKDW DUH UHOHYDQW WR SHDUO IRUPDWLRQ
2WKHUPHPEHUVVXFKDV3)0*KDYHEHHQIRXQGWREHHQKDQFHUVRIFHOOUHVSRQVHDQGGLIIHUHQWLDWLRQ
DQG LW LV NQRZQ WKDW 3)0* 3)0* DQG 3)0* DUH KLJKO\ H[SUHVVHG RU XSUHJXODWHG DW YDULRXV

GHYHORSPHQWDOVWDJHVRIVKHOOIRUPDWLRQ+RZHYHUWKHVHVWXGLHVKDYHRQO\IRFXVHGRQWKHIXQFWLRQRI
LQGLYLGXDO SURWHLQV DQG KDYH LJQRUHG WKH EDVLF IDFW WKDW SURWHLQ ³FROOHFWLYHV´ PXVW EH LQYROYHG LQ
PDQDJLQJWKHSHDUOELRPLQHUDOL]DWLRQSURFHVV7KXVLIZHDUHWRGHULYHDEHWWHUXQGHUVWDQGLQJRIWKHSHDUO












QDFUH SURWHLQ DQG 3)0* 3LQFWDGD IXFDWD ZHUH LQYHVWLJDWHG LQ GHILQHG PRODU UDWLRV WR EHWWHU
XQGHUVWDQGLIWKHFRPELQDWLRQRIWZRXQUHODWHGQDFUHSURWHLQVIURPGLIIHUHQWSURWHRPHVDIIHFWVLQYLWUR











DQGDJJUHJDWLRQH[SHULPHQWV :KDWZH IRXQG LVTXLWH LQWULJXLQJ ERWKSURWHLQVFRPELQH LQ VSHFLILF
PROHFXODUUDWLRVWRIRUPK\EULGVXSUDPROHFXODUK\GURJHOVWKDWV\QHUJLVWLFDOO\PRGLI\WKHVXUIDFHVDQG
FUHDWHLQWUDFU\VWDOOLQHQDQRSRURVLWLHVZLWKLQFDOFLWHFU\VWDOV+RZHYHUZLWKUHJDUGWRHDUO\HYHQWVLQQRQ
FODVVLFDO QXFOHDWLRQ QR V\QHUJLVWLF HIIHFWV DUH REVHUYHG IRU WKHVH K\EULG K\GURJHOV DQG U3)0*


















WR WKDW UHSRUWHG IRU U3)0* DQG WKLV ZDV SHUIRUPHG E\ *HQ6FULSW 86$ 3LVFDWDZD\ 1- 86$
KWWSZZZJHQVFULSWFRPXVLQJWKHLUSURSULHWDU\2SWLPXP*HQHV\VWHPDQGUHFRPELQDQWH[SUHVVLRQ
V\VWHPV 7KH V\QWKHWLF '1$ZDV FUHDWHG IURP WKHFRPSOHWH3)0*VHTXHQFH *HQ%DQNDFFHVVLRQ
QXPEHU$$= PLQXV WKH PHPEUDQH OHDGHU VHTXHQFH UHVLGXHV )LJXUH 6 6XSSRUWLQJ
,QIRUPDWLRQ7RWKLV'1$VHTXHQFHDK\EULGWKLRUHGR[LQ7U[SRO\+LVWDJ7(9SURWHDVHFOHDYDJH









 )ROORZLQJ 1L HOXWLRQ7U[SRO\+LV WDJ UHPRYDO ZDV DFFRPSOLVKHG YLD7(9 GLJHVWLRQ DQG




SXULW\ ZDV GHWHUPLQHG WR EH   JUDGLHQW 6'63$*(&RRPDVVLH %OXH VWDLQLQJ UHGXFLQJ




VWRUHG LQ  P0 7ULV+&O YY JO\FHURO S+  DW  R& XQWLO QHHGHG  )RU VXEVHTXHQW
H[SHULPHQWDWLRQ U3)0* DQG U3)0* VDPSOHV ZHUH FUHDWHG E\ H[FKDQJLQJ DQG FRQFHQWUDWLQJ
DSSURSULDWH YROXPHV RI VWRFN VROXWLRQ LQWR XQEXIIHUHG GHLRQL]HG GLVWLOOHG ZDWHU 8'': RU RWKHU
DSSURSULDWHEXIIHUVXVLQJ$PLFRQ8OWUDN'D0:&2 
0$/',72) 06DQDO\VLVRI LQGLYLGXDODQG U3)0* U3)0*PL[WXUHV )RU U3)0*DQG WKH 
U3)0*U3)0*PL[WXUH/RIHDFKSURWHLQVWRFNVROXWLRQ0ZHUHPL[HGZLWKDQHTXDO







0RGH PHWKRG LQ D UDQJH RI  N'D  P= UHVROXWLRQ ZLWK  VKRWVVHF XVLQJ D %UXNHU














SHULRG WKH 6L ZDIHUV ZHUH ULQVHG WKRURXJKO\ ZLWK FDOFLXP FDUERQDWH VDWXUDWHG PHWKDQRO DQG GULHG




















&DOFLXP SRWHQWLRPHWULF WLWUDWLRQV 7KH TXDQWLWDWLYH SRWHQWLRPHWULF WLWUDWLRQ DVVD\ LV EDVHG RQ LQVLWX
&D,,LRQVHOHFWLYH SRWHQWLRPHWULF PHDVXUHPHQWV DW FRQVWDQW S+ OHYHOV $ FRPSXWHUFRQWUROOHG













,PDJLQJDQG IORZF\WRPHWU\RI LQGLYLGXDODQGK\EULGK\GURJHOSDUWLFOHV )RUGHWHFWLRQRIPHVRVFDOH















































%LRLQIRUPDWLFV 7R GHWHUPLQH WKH ORFDWLRQ RI GLVRUGHUHG VHTXHQFH UHJLRQV ZLWKLQ WKH 3)0* DQG
3)0* VHTXHQFHV ZH HPSOR\HG WKH ',6235(' DQG ,83B35(' SUHGLFWLRQ DOJRULWKPV XVLQJ
GHIDXOW SDUDPHWHUV 6XEVHTXHQWO\ ZH XWLOL]HG $**5(6&$1 DQG =,33(5 '% ZLWK GHIDXOW
SDUDPHWHUV WRJOREDOO\ LGHQWLI\SXWDWLYHFURVVEHWDVWUDQGVHTXHQFH UHJLRQVZKLFKH[KLELW DVVRFLDWLRQ
SURSHQVLWLHV)LJXUH7RGHWHUPLQHDK\SRWKHWLFDOJOREDOVWUXFWXUHRI3)0*DQG3)0*ZHXWLOL]HG
WKH',62FOXVWY,QW)2/'LQWHJUDWHGSURWHLQVWUXFWXUHDQGIXQFWLRQSUHGLFWLRQVHUYHU8QLYHUVLW\
RI5HDGLQJ8.XVLQJ GHIDXOW SDUDPHWHUVZKLFKSURYLGHV WHUWLDU\ VWUXFWXUHSUHGLFWLRQ'VHTXHQFH
KRPRORJ\PRGHOLQJRISURWHLQVHTXHQFHVWKDWFRQWDLQIROGHGDQGXQIROGHGVHTXHQFHHOHPHQWV 
5(68/76 
U3)0* DQG U3)0* MRLQWO\ IRUP XQLTXH QDQRWH[WXUHG RUWKRJRQDOO\ DUUDQJHG FDOFLWH FU\VWDOV
IHDWXULQJLQWUDFU\VWDOOLQHQDQRFKDPEHUV$VLQRXUILUVWQDFUHSURWHLQSDLUVWXG\ZHLQLWLDWHGRXUVWXG\
RIU3)0*DQGU3)0*ZLWKDQH[DPLQDWLRQRIWKHLQGLYLGXDODQGFRPELQHGHIIHFWVRIWKHVHSURWHLQV





WKH GHILQLWLYH IXQFWLRQDOLWLHV RI HLWKHU SURWHLQ ZKLFK FDQ RQO\ EH DVFHUWDLQHG XVLQJ LQ VLWX VWXGLHV
,QGLYLGXDOO\ ZH QRWH WKDW U3)0* LQGXFHV WKH IRUPDWLRQ RI KLJKO\ QDQRWH[WXUHG FU\VWDOV RU FU\VWDO
FOXVWHUVZKHUHDVU3)0*SURPRWHVQHZGLUHFWLRQDOJURZWKZLWKHYLGHQFHRIQDQRWH[WXULQJDWWKH





RI RUWKRJRQDOO\ DUUDQJHG FDOFLWH FU\VWDOV DV YHULILHG E\ PLFUR5DPDQ VSHFWURVFRS\ )LJXUH 6




 )LJXUH 6(0LPDJHVRI),%VHFWLRQHGFDOFLWHFU\VWDOV  $7\SLFDOSURWHLQGHILFLHQWDVVD\FDOFLWHFU\VWDOPLQXWHV
DVVD\WLPHZKLFKIHDWXUHVPLQLPDOSRURVLWLHV%&'5HSUHVHQWDWLYHVHTXHQWLDOVHFWLRQVRIFDOFLWHFU\VWDOVJHQHUDWHGLQ




7KH  VFHQDULR JHQHUDWHG YHU\ LQWHUHVWLQJ UHVXOWV DQG JLYHQ WKDW WKH QDQRWH[WXUHG VXUIDFHV RI WKH









JURZWK U3)0* DQG U3)0* IXQFWLRQDOLWLHV DUH ERWK PDQLIHVWHG DQG H[KLELW RYHUODS OHDGLQJ WR
FKDQJHV LQ FU\VWDO PRUSKRORJ\ WKH FUHDWLRQ RI QDQRWH[WXUHG VXUIDFHV DQG WKH LQWURGXFWLRQ RI
LQWUDFU\VWDOOLQHQDQRSRURVLWLHV 
7KHHIIHFWRIU3)0*U3)0*RQQRQFODVVLFDOQXFOHDWLRQ2XUIRFXVQRZVKLIWVWRHDUOLHULQYLWUR
PLQHUDOL]DWLRQ HYHQWV ZKLFK LQYROYH WKH IRUPDWLRQ RI SUHQXFOHDWLRQ FOXVWHUV 31&V DQG WKHLU
WUDQVIRUPDWLRQLQWRDPRUSKRXVFDOFLXPFDUERQDWH$&&LHWKHQRQFODVVLFDOQXFOHDWLRQVFKHPH








WLPHOLQH IRU WKHLU IRUPDWLRQ GHQRWHV WKHLU NLQHWLFV $V VKRZQ LQ )LJXUH $ LQ WKH SUHVHQFH RI
U3)0*WKHUHLVVLJQLILFDQWO\IODWWHUSUHQXFOHDWLRQJUDGLHQWLQFRPSDULVRQZLWKWKHUHIHUHQFHWLWUDWLRQ









SUHFLSLWDWHG SKDVH LH WKH WKUHVKROG RI WKH FRQVWDQW LRQ SURGXFW DIWHU QXFOHDWLRQ IRU WKH LQGLYLGXDO
U3)0*SURWHLQVRUSURWHLQPL[WXUHVDUHORZHUWKDQUHIHUHQFHVFHQDULRVXJJHVWLQJWKDWERWKU3)0*
U3)0*DQGWKHSURWHLQPL[WXUHSURPRWHWKHIRUPDWLRQRIOHVVVROXEOHFDOFLXPFDUERQDWHSKDVHV
)LJXUH % QRWH WKDW DW  Q0 SURWHLQ FRQFHQWUDWLRQV QR VLJQLILFDQW HIIHFWV DUH REVHUYHG RQ 31&V
VWDELOLW\QXFOHDWLRQWLPHRUVROXELOLW\RILQLWLDOO\SUHFLSLWDWHGSKDVH7DEOH66XSSRUWLQJ,QIRUPDWLRQ
,Q VXPPDU\ U3)0* VWDELOL]HV 31&V ZKLOH U3)0* GRHV QRW VKRZ DQ\ VLJQLILFDQW LQIOXHQFH RQ
WKHUPRG\QDPLFVWDELOLW\RIWKH31&V,QGLYLGXDOO\ERWKSURWHLQVVOLJKWO\LQKLELWWKHQXFOHDWLRQRI$&&
ZKHUHDVWKHLQLWLDOO\IRUPHGSKDVHVDUHWKHUPRG\QDPLFDOO\PRUHVWDEOHLH OHVVVROXEOH WKDQLQWKH
















PD[LPXPRI WKH UHIHUHQFHFXUYH LOOXVWUDWHV WKHDYHUDJHQXFOHDWLRQ WLPH FHQWHU WKHPD[LPXPGHYLDWLRQREVHUYHG LQ
LQGLYLGXDOUHIHUHQFHH[SHULPHQWV
&D,,LVSUHVHQW7KLVLVFHUWDLQO\WUXHIRUU3)0*DVGRFXPHQWHGLQSXEOLVKHGVWXGLHVDQGDVVKRZQ


















FDQQRW GLVFHUQ SURWHLQSURWHLQ DIILQLWLHV DQG WKXV DW WKLV VWDJH ZH FDQQRW FRPPHQW RQ WKH ELQGLQJ
VWUHQJWKVWKDWHDFKSURWHLQPLJKWPDQLIHVWVIRULWVSDUWQHU6HFRQGQRWHWKDWWKHUHPD\EHWKHSRWHQWLDO






















EH\RQG VLPSOH OLJKW PLFURVFRSLF YLVXDOL]DWLRQ DQG GHWHUPLQH WKH SDUWLFOH VL]H GLVWULEXWLRQV )6&$
IRUZDUGVFDWWHUHGFRPSRQHQW[D[LVYHUVXVSDUWLFOHJUDQXODULW\RULQWHUQDOFRPSOH[LW\66&$VLGH
VFDWWHUHGFRPSRQHQW \D[LVRI WKHSDUWLFOHVZH IRXQGVLPLODU UHVXOWV )LJXUHPLGGOHDQG ORZHU
SDQHOV  +HUH DW S+  LQ WKH DEVHQFH RI &D,, ZH VHH WKDW WKHUH DUH GLIIHUHQFHV LQ SDUWLFOH VL]H
GLVWULEXWLRQVDQGLQWHUQDOFRPSOH[LWLHVRUVWUXFWXUHIRUHDFKSURWHLQ:KHQZHH[DPLQHWKHPRODU
UDWLRVDPSOHXQGHUWKHVHFRQGLWLRQVZHQRWHWKDWWKH)6&$DQG66&$SDUDPHWHUVKDYHFRQWULEXWLRQV
IURP WKH LQGLYLGXDOSURWHLQV )LJXUHPLGGOHSDQHODQG WKLVYHULILHV WKDW WKHPL[WXUHJHQHUDWHV
K\EULGK\GURJHOSDUWLFOHV7KHVHILQGLQJVDUHDOVRREVHUYHGZKHQ&D,,LVSUHVHQW)LUVWZHQRWHWKDW
WKH )6&$ DQG 66&$ SDUDPHWHUV IRU U3)0* DQG U3)0* K\GURJHOV DUH GLIIHUHQW DQG WKH 
U3)0*U3)0*VDPSOHDSSHDUVWRVKDUHSDUDPHWHUVWKDWDUHVLPLODUWRERWKU3)0*DQGU3)0*
PLGGOHSDQHO)LJXUH6HFRQGZHQRWHWKDWWKHLQWURGXFWLRQRI&D,,OHDGVWRDVLJQLILFDQWFKDQJHLQ













































RU FDOFLWH SUHFLSLWDWLRQ )LJXUH $%  1RWH WKDW LQ WKH ODWWHU LQVWDQFH &D,, LRQV ZLOO SURPRWH






IUHTXHQF\)DQGGLVVLSDWLRQ'REVHUYHGXQGHUHDFKVFHQDULR7KH WLPHGHSHQGHQW LQWURGXFWLRQRI U3)0*DORQHRU













IRXQG WR EH UHSURGXFLEOH )LJXUH 6 6XSSRUWLQJ ,QIRUPDWLRQ DQG LQGLFDWH WKDW ERWK SURWHLQV QRQ
FRYDOHQWO\LQWHUDFWZLWKRQHDQRWKHU
 ,Q WKH VHFRQG VFHQDULR ȝ0 U3)0* LQ D &D,, +(3(6 EXIIHU LV LQWURGXFHG WR WKH
LPPRELOL]HGU3)0*OD\HU)LJXUH%VWDUURZ+HUHWKHSUHVHQFHRI&D,,OHDGVWRPRUHSURWHLQ
PDVVGHSRVLWHGFRPSDUHGWRWKH+(3(6RQO\VFHQDULR)LJXUH$LHWKHUHLVJUHDWHUELQGLQJEHWZHHQ































(JOREDOPRGHOTXDOLW\ VFRUH  ,QWHUHVWLQJO\3)0*SRVVHVVHV VKRUW UHJLRQVRI LQWULQVLF

GLVRUGHU DW WKH &WHUPLQXV OLVW UHVLGXHV DQG D IROGHG KHOLFDOORRS GRPDLQ $* WKDW H[KLELWV
KRPRORJ\aZLWKWKHFU\VWDOVWUXFWXUHVRIWKHFDOSRQLQGRPDLQRIWKH5DV*73DVHDFWLYDWLQJ 
)LJXUH  0XOWLSOHYLHZVRI',62FOXVW ,QW)2/' SUHGLFWHG'PRGHOLQJSUHGLFWHG VWUXFWXUHRI3)0*DQG3)0*
SURWHLQV LQ ULEERQ UHSUHVHQWDWLRQ EDFNERQH RQO\  7KH ()+DQG DQG FDOSRQLQOLNH GRPDLQV DUH HQFLUFOHG DQG GRPDLQ





&D,,ERXQG FDOPRGXOLQ 7KXV WKLV H[SODLQV ZK\ U3)0* ZLWK DQ DOSKDKHOLFDO FDOSRQLQOLNH

GRPDLQLQWHUDFWVZLWKWKHSVHXGR()KDQGU3)0*)LJXUHSDUWLFXODUO\ZKHQ&D,,LVSUHVHQW
)LJXUH   0RUHRYHU WKH SUHVHQFH RI XQVWDEOH LQWULQVLFDOO\ GLVRUGHUHG UHJLRQV FRXSOHG ZLWK
DJJUHJDWLRQSURQHDP\ORLGOLNHGRPDLQV)LJXUHPD\DOVRHQKDQFHWKHLQWHUDFWLYHQHVVRIU3)0*











DJJUHJDWLRQK\GURJHODWLRQ SURFHVV   ,Q RXU SUHVHQW VWXG\ ZH IRFXV RQ D GLIIHUHQW SDLU 3)0* DQG














PROHFXODU DQG IXQFWLRQDO UHODWLRQVKLS EHWZHHQ WKH SHDUO SURWHRPLF U3)0* DQG U3)0* PHPEHUV
:LWKLQWKHU3)0*U3)0*PL[WXUHZHGHWHFWHGFRDJJUHJDWHVWKDWSRVVHVVHGVSHFLILFPROHFXODU
FRPELQDWLRQV U3)0*  U3)0*     DQG )LJXUH   7KHVH FRPELQDWLRQV IROORZ WKH
UHODWLRQVKLSU3)0*! U3)0*6LQFHU3)0*LVFDSDEOHRIGHILQHGPXOWLPHULFDVVHPEO\)LJXUH







31&DQG$&& IRUPDWLRQ )LJXUH6XSSRUWLQJ ,QIRUPDWLRQ7DEOHV66 5DWKHU LW DSSHDUV WKDW
ZLWKLQWKHU3)0*U3)0*FRPSOH[HVLWLVWKHU3)0*SURWHLQWKDWODUJHO\PDQLSXODWHVWKHQRQ




DQG U3)0* )LJXUH  :H NQRZ WKDW U3)0* FRQWDLQV D FDOSRQLQOLNH IROGHG GRPDLQ WKDW LV
LQWHUDFWLYHZLWK()KDQGGRPDLQVVXFKDVWKHW\SHIRXQGLQU3)0*)LJXUH$WWKLVSRLQWLQ

WLPHZHGRQRWNQRZZKLFK UHVLGXHVSHFLILFGRFNLQJ LQWHUDFWLRQVRFFXU EHWZHHQ WKHVH WZRSURWHLQV












)LJXUH $GGLWLRQDO VWXGLHV ZLOO EH UHTXLUHG WR ILUPO\ HVWDEOLVK WKH QRQFRYDOHQW LQWHUDFWLRQV
VSHFLILF GRPDLQ DVVRFLDWLRQV DQG DIILQLWLHV WKDW GULYH U3)0* ± U3)0* LQWHUDFWLRQV DQG GHILQH
FRPSOH[DWLRQUDWLRV 
 7KLVQRZ OHDGVXV WR VRPH LQWHUHVWLQJK\SRWKHVHV UHJDUGLQJ WKH LQ YLWUR UHODWLRQVKLSEHWZHHQ
U3)0*DQGU3)0*DQGSRWHQWLDOO\SURYLGHLQVLJKWVLQWRWKH3IXFDWD3)0*SURWHRPHLWVHOI:H
EHOLHYHWKDWWKHVSHFLILFFRDJJUHJDWLRQRIU3)0*ZLWKU3)0*)LJXUHUHJXODWHVWKHGLPHQVLRQV
)LJXUHV  DQG LQWHUQDO VWUXFWXUH )LJXUH  RI WKH K\EULG K\GURJHOV ZLWK U3)0* DFWLQJ DV D





DFWLYLW\ UHODWLRQVKLS U3)0*  U3)0* )LJXUH  7DEOHV 6 6 6XSSRUWLQJ ,QIRUPDWLRQ WKH






LQ VL]HDQG LQWHUQDO VWUXFWXUHDQGVHOHFWLYHO\PDQLIHVW FHUWDLQ IXQFWLRQDO FKDUDFWHULVWLFV LQGLYLGXDORU
V\QHUJLVWLFGXULQJGLIIHUHQWWLPHSRLQWVHDUO\)LJXUHODWH)LJXUHVLQWKHPLQHUDOL]DWLRQSURFHVV
$OWKRXJK ZH GR QRW NQRZ WKH WUXH PROHFXODU UDWLR RU WHPSRUDO H[SUHVVLRQ RI 3)0* DQG 3)*0
H[SUHVVHGLQVLWXZLWKLQWKHSHDUOR\VWHUIURPRXUH[SHULPHQWVZHFDQLQIHUWKDWLIERWKSURWHLQV
ZHUH FRH[SUHVVHG VLPXOWDQHRXVO\ RU FRH[LVW DW D FRPPRQ WLPHSRLQW GXULQJ SHDUO IRUPDWLRQ WKHQ
3)0*3)0*DQGSRWHQWLDOO\RWKHU3)0*SURWHLQVZRXOGFRPSOH[WRJHWKHULQVSHFLILFUDWLRVWRIRUP
DK\EULGK\GURJHOSKDVH)LJXUHV,QWXUQWKLVK\EULGK\GURJHOSKDVHFRXOGVHOHFWLYHO\UHJXODWH



























86 'HSDUWPHQW RI (QHUJ\ 2IILFH RI %DVLF (QHUJ\ 6FLHQFHV 'LYLVLRQ RI 0DWHULDOV 6FLHQFHV DQG































 /L ; +XDQJ =  8QYHLOLQJ WKH IRUPDWLRQ PHFKDQLVP RI SVHXGRVLQJOHFU\VWDO DUDJRQLWH
SODWHOHWVLQQDFUH3K\V5HY/HWW 

































































&5,1* QDFUH SURWHLQ LQIOXHQFHV SUHQXFOHDWLRQ HYHQWV DQG RUJDQL]HV PLQHUDO QDQRSDUWLFOHV
%LRFKHPLVWU\ 
&KDQJ(3:LOOLDPVRQ*(YDQV-6)RFXVHGLRQEHDPWRPRJUDSK\UHYHDOVWKHSUHVHQFH





























'RV]WiQ\L=&VL]PyN97RPSD36LPRQ ,  ,83UHGZHEVHUYHUIRU WKHSUHGLFWLRQRI
LQWULQVLFDOO\ XQVWUXFWXUHG UHJLRQV RI SURWHLQV EDVHG RQ HVWLPDWHG HQHUJ\ FRQWHQW %LRLQIRUPDWLFV 
 





5RFKH'%%XHQDYLVWD077HWFKQHU6 -0F*XIILQ/ - 7KH ,QW)2/'VHUYHUDQ
LQWHJUDWHGZHE UHVRXUFH IRUSURWHLQ IROG UHFRJQLWLRQ'PRGHOTXDOLW\ DVVHVVPHQW LQWULQVLFGLVRUGHU
SUHGLFWLRQGRPDLQSUHGLFWLRQDQGOLJDQGELQGLQJVLWHSUHGLFWLRQ1XFOHLF$FLGV5HV: 













IRUPVGLPHUVDQG WKHGLPHU LQWHUIDFH LV UHTXLUHGIRUELQGLQJ)DFWLQDQGFDOFLXPERXQGFDOPRGXOLQ
%LRFKHPLVWU\ 
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